INTRODUCTION
Method engineering (e.g. Brinkkemper et al., 1998; Ralyté and Rolland, 2001 ) focuses on how to create a method (here a software development method) that is highly suitable and "personalized" for a particular project or organization. Successful method engineering needs, as input, a repository of process elements (Chroust, 2000) that describes individual elements of the methodological approach; these include descriptions of activities, phases, tasks, techniques, roles, deliverables and so on. Given such a repository, sometimes called a process reference model , a number of various kinds of method or methodology can be constructed (Rupprecht et al., 2000; Henderson-Sellers, 2002a,b) .
In this paper, we examine how the use of a deontic 1 matrix, originally introduced by Henderson-Sellers and Edwards (1994) and Graham (1995a) provides possibility values for identifying useful process components and how they should be interconnected. We use industry data for one particular business domain, that of e-commerce, to realize the deontic matrices as used in the OPEN Process Framework (Firesmith and Henderson-Sellers, 2002) . The software development paradigm used will be that of OO (objectoriented) and CBD (component-based development) . Values are given for both large and small B2C examples.
Before progressing further, two points are important to note. The first is that the nature of Web development processes is currently rather poorly addressed within the research literature (see, for example, Lowe and Henderson-Sellers (2001a; 2001b) . The purpose of the research described in this paper is to begin to understand and structure our understanding of how to effectively construct Web development processes. In this context, we have adopted a grounded theory research approach -progressively collecting and analysing data on specific 'experimental situations' (i.e. actual commercial projects) within the context of an emerging theoretical framework.
Secondly, although the discussion in this paper focusses on applying concepts within the framework provided by OPEN, the general lessons with regard to selection of process components is much more broadly applicable.
For example, even when OPEN is not being explicitly utilised, the deontic matrices provide guidance on the relevance of various activities and tasks within Web projects.
BACKGROUND: THE OPEN PROCESS FRAMEWORK
The OPEN Process Framework (OPF) contains not only a repository of process elements but also an underpinning metamodel. This second element is seen to be vital in creating a fully flexible framework in which true method engineering becomes possible.
The OPEN Process Framework is one example of a metamodelbased set of process components collected in the OPF Repository (Figure 1 ). The OPF itself has three major elements, as seen in this figure: the metamodel, the repository of process components, each of which is an instance of an element in the metamodel, and the process construction and tailoring guidelines. These latter guidelines are used not only in constructing and expanding the repository of process elements, as seen for example, in Haire et al. (2001) , but also by the process engineering in constructing a personalized OO development process for use in a specific organization or on a specific project. The elements of the OPF metamodel provide a solid basis for generation of the process components and providing the rules by which each of the elements (process components) can be inter-related. There are five major groups of meta-elements defined in Firesmith and Henderson-Sellers w h ic h c a n th e n b e ta ilo r e d to m e e t th e n e e d s o f a s p e c if ic p ro je c t (2002) . These are shown in Figure 2 . The central triad is that of Producer, Work Unit and Work Product. Producers are people, teams and tools playing Roles in which they undertake Work Units (i.e. actions such as Activities and Tasks) in order to create and maintain a pre-specified number of Work Products (a.k.a. deliverables). Work products include graphical and textual descriptions, the former of which, in an OO/CBD world, tend to be documented using a modelling language such as the UML (OMG, 2001) . Figure 2 The basis metatypes of the OPEN Process Framework (OPF) (after Firesmith and Henderson-Sellers, 2002) As well as the three meta-elements discussed above, there also also, in the metamodel, classes to represent Stages (phases, cycles etc.) and Languages (natural languages, programming languages, modelling languages). Stages provide the overall macro-scale, temporal organization to the process; Languages are used mainly in documentation (of the Work Products).
LINKING ACTIVITIES, TASKS AND TECHNIQUES -THE DEONTIC MATRICES
As noted earlier, there are several kinds of guidelines needed to engineer a project-specific process. These include, inter alia, process construction guidelines, tailoring guidelines and, less relevant here, extension guidelines -which assist the process engineer in modifying the metamodel itself. (Tailoring guidelines, which support minor modifications to the process once constructed also have less immediate impact on the topic of this paper.) Here we focus on one element of the process construction guidelines (viz. the use of deontic matrices -see below) and provide some empirical evidence supporting its use. Other important elements (not discussed further here) include sequencing rules, which can be expressed using pre-and postconditions on (particularly) Tasks (e.g. Graham, 1995b) and/or by ensuring the process and product perspectives are adequately connected (Brinkkemper et al., 1998) .
A process construction guideline helps process engineers both to instantiate (when necessary) the development process framework (metamodel) to create process components and also to select the best process components (from the Repository) in order to create the process itself (e.g. Brinkkemper et al., 1998; Firesmith and Henderson-Sellers, 2002) . Specifically, guidance is provided on the selection of appropriate work products, producers and work units as well as advising on how to allocate tasks and associated techniques to producers and how to group the tasks into workflows, activities etc. Finally, developmental stages (including phases and lifecycles) are chosen.
Figure 3 Various kinds of Work Unit depicted using UML as the notation
In this paper, we focus on the selection of, and more importantly the connexions between, various instances of the Work Unit metaclass. The prime subtypes (in the metamodel) are Activity, Task and Technique ( Figure  3 ) Activities, which may also be made up recursively of subActivities, contain Tasks in a many-to-many relationship. To describe this multi-faceted connexion, the OPF suggests the use of a deontic matrix which specifies the possibility value for each pair of Activity and Task instances (i.e. each process component derived from the Activity and Task metaclasses respectively). Figure 4 shows, schematically, an example of how this might look. 
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Figure 4 Schematic deontic matrix linking OPEN's Activities (the columns) to Tasks (the rows)
Possibility values are now entered into this matrix, for each Activity/Task pairing, for a specifically constructed (or to-be-constructed) and configured process instance. In the OPEN approach (Graham et al., 1997; Henderson-Sellers et al., 1998; Henderson-Sellers and Unhelkar, 2000) these values are recommended to be selected from one of five values: M = mandatory; R = recommended; O = optional; D = discouraged; and F = forbidden 2 . The inclusion of optionality in the choice of Tasks and Techniques permits an organization or a project manager to select tasks and techniques specially suited to local conditions -including skills sets of project members, resource availability, level of criticality/safety requirements and so on. We do anticipate, however, that for most organizations these specific characteristics will remain static for the duration of the project (and often longer) so that the majority of the values in the deontic matrix are likely (our conjecture only) to tend towards becoming bimodal i.e. using only M and F values.
Having created a deontic matrix to link Activities and Tasks together, we then examine the other many-to-many linkage in Figure 3 -between Task and Technique. For each selected task in OO/CBD there are frequently options for the most appropriate technique. Factors affecting optimization of the choice of technique include skills sets, CMM level, tool availability and so on. What matters is that the Task is successfully completed, not that any particular technique is used to effect the Task. Consequently, methodologists find it impossible to prescribe, or hardcode into their methodologies, specific techniques 3 . For the user (via the assistance of the process engineer) to be sure of the suite of techniques most suitable to their organizational context, a second deontic matrix is introduced which, similarly to Figure 4 , links Tasks (the columns) to Techniques (the rows).
Activities Tasks
In this paper, we do not attempt here to construct these two deontic matrices for a specific organization or a specific project but rather to offer guidelines and "rules of thumb" for specific categories of web developments; notably small/medium business-to-customer (B2C) and large business-tocustomer ecommerce situations. The data used to construct the values in these matrices (in the next section) were derived from case studies of two different organisations in differing industries, though both developing ecommerce applications. Thus, we can propose that the values in the matrices will be generically applicable to that domain -though possibly that domain only. To complete the values in the two deontic matrices for other domains and technology situations, additional empirical data must be sought.
REALIZING THE DEONTIC MATRICES OF OPEN
The number of activities that are required in the personalized process/method can be roughly equated to the size of the project.In other words, as a project increases in scale the complexity of the process increases and hence we introduce additional process activities. For example, one would expect that a small project would not contain activities such as Resource Planning; whereas large projects would include a more complete set of the activities selected from those within the OPF Repository. The number of tasks may well also relate to the general project "size" in the sense that a team undertaking a larger project are more likely to be more experienced and thus have more sophisticated skills at their disposal. Indeed, different members of a highly skilled team may well use different techniques to accomplish the same task. This leniency is, however, highly dangerous for the inexperienced developer, when a more strict technique selection should be made and the use of those selected techniques mandated and monitored. In other words, many OO tasks and techniques require experience before they can be recommended for practical use whereas others can be confidently enacted by relative OO novices. Such considerations remain, however, outside the scope of this paper, in which we will take a much broader "average" viewpoint on the B2C e-business category. The novelty of the results is seen in the Activity/Task linkages whereas, interestingly, our empirical evidence suggests that the Task/Technique linkage for B2C exhibits little significant difference from regular (i.e. non ecommerce) applications development and so will not be discussed further herein.
Small/Medium Business-to-Customer (B2C)
Within most (if not all) Business-to-Customer (B2C) web projects, there is a significant emphasis placed on the market research aspect of the requirements engineering, although small to medium projects tend to have less of an in-depth analysis and design phase than do large projects. This does add to the overhead of the project, which thus constitutes a large percentage of the overall cost if the project budget is small. This is reflected in the deontic matrix between Activities and Tasks. The tables associating activities to tasks for small/medium business-to-customer projects can be found in Figure 5 . As noted earlier, these values were derived from two indepth case studies at commercial sites in Australia in late 2000 (Haire, 2000) . We can see that small systems tend not to use distribution, that architectural design is recommended but not mandatory, that building a white site is seen as optional and that component selection tasks are minimal. Reuse is also typically eschewed; although testing and UI design are seen to be of high priority. Resource planning tends also to be typically seen as of little importance. 
4.2
Large Business-to-Customer (B2C)
In contrast to small projects, large B2C projects are more concerned with analysis and design phases, since in complex systems mistakes or errors early in the system can be costly to correct later. Larger projects also tend to try and optimize reuse more as it can significantly reduce the development costs. This is reflected in the values in the deontic matrix between activities and tasks ( Figure 6 ). These values were derived from the same two in-depth case studies (Haire, 2000) . There is significant emphasis placed upon reuse (both creating reusable components and reusing existing ones), component selection, architectural design and resource planning. 
Comparison of Deontic Matrices for Small and Large B2C Exemplars
There are some interesting differences between Figures 5 and 6 (some rather intuitive, others much less so). Most notably:
• Small projects see no need to undertake a feasibility study, whereas this is optional for large projects • Getting business approval is seen as optional for small projects, but highly recommended for large projects • In small projects, there seems to be no need to identify the sources of the requirements, although, of course, Task: Identify user requirements is mandatory.
• Small projects use no tasks focussed on distributed computing • Architectural design is optional for small projects, mandatory for large • All the tasks associated with the Component Selection Activity as seen as of low priority (D for discouraged) whereas for larger projects they are recommended or, at worst, optional
• Creation of reusable components (for the future) is discouraged in small projects but encouraged in larger ones • Optimization of the design is seen as mandatory for large projects, optional for small • Choosing toolsets, hardware, project teams etc. is all but ignored in small projects (D for discouraged) whereas in large projects these tasks are recommended.
• Interestingly, the OPEN Task: Specify individual goals is forbidden in small projects but optional for large • Small projects tend to be standalone whereas large projects tend to be integrated with other, pre-existing systems. This leads to values for OPEN Task: Establish data take-on strategy of F and M respectivelythe opposite ends of the possibility spectrum. 
SUMMARY AND CONCLUSIONS
In this paper we have presented results, derived from several case studies, in the context of process engineering and process construction, results that are formulated as a set of deontic matrices to show the connection between activities and tasks for two categories of software development projects, namely: small/medium business-to-customer (B2C) and large business-to-customer e-commerce projects. A comparison of the data for these two domains highlights some interesting differences.
These differences can be important to understand, particularly for project managers involved in these types of projects. This allows the processes that are being adopted to be customised most appropriately to the characteristics of the project.
Ongoing work will focus on broadening the data into related domains, allowing improved guidelines to be constructed regarding the selection of relevant tasks.
